Non-Disjoint Unions of Theories and Combinations of Satisfiability Procedures: First Results by Tinelli, Cesare & Ringeissen, Christophe
HAL Id: inria-00073288
https://hal.inria.fr/inria-00073288
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Non-Disjoint Unions of Theories and Combinations of
Satisfiability Procedures: First Results
Cesare Tinelli, Christophe Ringeissen
To cite this version:
Cesare Tinelli, Christophe Ringeissen. Non-Disjoint Unions of Theories and Combinations of Satisfi-









ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Non-Disjoint Unions of Theories and
Combinations of Satisfiability Procedures:
First Results










dvwufxyqpufz_q|{}~e,~rqsosz_d  rdvw ;a<
 x~~r  w-~d  dvu b d  u b d
n7T_hi  osq fi 3~xTtdv{
|vf2 T¡¢ n£w b os{~x¤d ¥ dr7z_wqso¦n_d§xjw b dvr  dvwopufxyq.¨  xe,d ¥ r © ¨ªr  w b duvr7e,_o¦n~xTwosr7n£rT¨
~dvuvos{osr7n«  r_uvdv2z  dv{¨Wr  w b dj{¬xTwos{5­x_opqsosw5}BrT¨ uvr7n_{w  xTo¦nw{ ¥ osw bB dv{¬¤dvuvwwrx3uvr7n_{w  xTo¦nw
w b dvr  }®,¯°d,~dv{u  o¦~dmx£tdfn_d  xTq;uvr7e,_o¦n~xTwosr7n°egdvw b r7 ¥b osu b.± tos²dfn°x  r_uvdv2z  d£w b xTw
~dvuvos~dv{uvr7n_{w  xTo¦nw{¬xTwop{G­x_osqposw5} ¥ osw b³ dv{¬~dvuvwwr´xguvr7n_{w  xyoµnww b dvr  }O¶C·xn_mr7n_djw b xTw
~dvuvos~dv{uvr7n_{w  xTo¦nw>{¬xTwos{5­x_osqsosw5} ¥ osw b¸ dv{¬~dvuvw£wr¹xºuvr7n_{w  xyoµnw3w b dvr  }»¶~¼ ± op{x_qsdBwr
  r_2z_uvd0x0  r7uvdv2z  d¹w b xyw¹½R{dfe,o¿¾À5~dvuvos~dv{°uvr7n_{w  xTo¦nw{¬xTwos{5­x_osqsosw5} ¥ osw bÁ dv{~dvuvwBwr
w b dmz~n_osr7n«ry¨"¶ · xn_0¶ ¼ ®m¯dOxTqs{r°  rT²_os~d{r7e,de,r_~dvqÂ¾Ãw b dvr  dvwosuuvr7n_~oswosr7n_{£r7nw b d
uvr7n_{w  xTo¦nw3q¦xn_t7z~xTtdmxn_0w b duvr7e3¤r7n_dfnw>uvr7n_{w  xyoµnw3w b dvr  osdv{,¨Wr  w b dme,dvw b r_0wr°~d
{r_z~n_¹xn_°uvr7e>_qpdvwd ±Ä¥ opw b {¬~dvuvo¦xTq<dfe3 b xT{os{jr7nBw b d,ufxT{d>oµn ¥b osu b w b d3{ost7n~xyw¬z  dv{rT¨
¶ · xn_m¶ ¼ x  dn_r7n¾Ã~os{ª5ro¦nwf®
ÅÇÆ7È#É5Ê,ËTÌ|¡ÎÍ r7e,_o¦n~xTwosr7nry¨ÐÏ~xTwos{5­x_osqsosw} < r7uvdv2z  dv{ ±2Ñ dvuvos{osr7n   r7_qsdfe,{ ±Í r_n_{5¾




 ùÄèôóTãõÃö-èôñfö~â7ì.â<óTöªèÃõ2úvîôåÂèôñ î5èféFñfåÂäèôõÃáRåÂö<âêsàæàæåæñTâåÂá#ãö_é#õªçTãñTãûWìï ã óTãåñ ³ø¬úóõªåæñ û
! èÃà"jßÄäèø~é#õªçTãñTã7ê$#%þ %'&é@ú ß ø()-ãåæà+*-,/.10 233(.456879:.19 572;9
< )-ãåæà+*>=?@/.6,AB?C287D/.10E2(.F6620 43A@/.G7IH@
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r  w b dvr  } ¥b osu b op{ ± oµnÇw¬z  n ± x3uvr_e§_o¦n~xTwopr_nrT¨ w b dj{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}_{wdfe,{x_qsdmwr«~r«w b os{ ·
os{´  r_~x_qs}°w b xTw,w b d£uvr7e,_o¦n~xTw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o¦n_tqsdvwr_n°uvq¦xT{{ K  ®{§x£uvr7n_{dvz_dfn_uvd ±
¥ d ¥ opqsq;{o¦e3_qs}³{¬x}´w b xywx,{w  z_uvw¬z  dLK
op{¨  dvd½RrT²d  °À-o¿¨ oswos{¨  dvdo¦n K  ½RrT²d  °Àv®
Q  dvd{w  z_uvw¬z  dv{ b x²dw b d¨Wrqsqsr ¥ o¦n_t´u b x  xyuvwd  o)fxTwosr7n.®
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¢ wos{,n_rw~o ´ufz_qsw§wr{ b r ¥ w b xTwdv²d  }°~xT{os{ry¨ x>¨  dvd3{w  z_uvw¬z  d,os{§n_r7n¾  dv2z~n_2xnw
xT{x>{dvwrT¨ tdfn_d  xTwr  {xn_Bw b xyww b d,{¬xe,d{w  z_uvw¬z  d,ufxnB~dj¨  dvd,rT²d  egr  dw b xn³r7n_d
~xT{op{®(Q  dvd{w  z_uvwz  dv{o¦nmx,uvrqpq¦x_{d¾ª¨  dvdjuvq¦xT{{ ±.b r ¥ dv²d v±~b xf²dz~n_os~z_dg~xy{dv{f®
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 {{¬z~e,d>w b xTwxSd<¾Ã{w  z_uvw¬z  dK op{¨  dvd3rT²d  {r7e,d3{dvw Îo¦n°x£uvrqsq¦x_{d¾ª¨  dvd
uvq¦xT{{"rT¨ d<¾Ã{w  z_uvw¬z  dv{f®QCr  ~dvo¦n_tOxj{dvw-rT¨|tdfn_d  xTwr  {;¨ªr  K ±  e,z_{w<uvr7nw¬xTo¦nxTqsq.rT¨"K  {
os{rq¦xTwdv°o¦n_~op²_os2z~xTqs{ ± xT{ ¥ dr7_{d  ²dvBdfx  qsosd  ®°x_{¬z  2z~e ± xy{{¬z~e,djopwxyqp{ruvr7nwxTo¦n_{
xn_r7n¾Ãos{rqµxywdv°o¦n_~os²7os2z~xTq C®Ï_o¦n_uvd os{§n_rwos{rq¦xTwdv ± w b d  d,os{xn_r7n¾Ã²Tx  o¦x_qsdd<¾Ãwd  e
!v½  7À"xn_mx,{dv~z_dfn_uvd  o¦n {¬z_u b w b xTw  !    2® · ab xTwe,dfxn_{w b xTwK{¬xTwos{5­2dv{w b d3xTwr7e,osuj¨Wr  e§z_q¦x°½  % !5À ¥ osw b xnBxT{{ost7n~e,dfnwrT¨
dvqsdfe,dfnw{rT¨ wr,w b d"¨ªr  e,z_q¦x æ{ ²Tx  o¦x_qsdv{f® <} < r7.®~h~®Âh¤-w b dfn ± w b d{dfnwdfn_uvd  $ ½  % !5À
os{² xTqsosBoµnÇw b duvq¦xT{{ ± xTt7xTo¦n_{ww b d§xT{{z~e3_wosr7n£w b xTw-w b djuvq¦xT{{os{uvrqsqµx_{d¨  dvd® 
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¢ wufxn¤d´{ b r ¥ nmw b xTw ± tos²dfn°xÇ{ost7n~xTw¬z  dd ± dv²d  }³¨  dvd,{w  z_uvwz  d3os{¨  dvd3o¦nB{r_e,d
d<¾Ã²Tx  osdvw5} ± xn_,o¦n3~x  wosufz_qµx v± x_{rq¦z_wdvqs}¨  dvd-{w  z_uvw¬z  dv{ x  d<¨  dvdÐo¦njw b d d<¾Ã²Tx  osdvw5}rT¨.w b d
dfe3_w5}£w b dvr  }® ¯ b dfnxg{w  z_uvw¬z  dop{"¨  dvdo¦nmxnx_osr7e3xTwofx_qpdjuvq¦xT{{rT¨ dÐ¾Ã{w  z_uvw¬z  dv{ ± x
uvr  dv{¬~r_n_~oµn_t dÐ¾Ã² x  osdvw5}£op{  dfxT~osqs}os~dfnwoÂ­2dv#®
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§ab d  ost b wG¾ÃwrT¾Ãqsd¨Wwo¦e3_qsosufxTwosr7n«os{jw  os²7o¦xTq xy{ & @% ½ª¶À  & :% ½ª¶ F Àv®GQ2r  w b d
uvr7n²d  {d ± qsdvw # ½  À-~dxGd<¾xTwr_e xn_xT{{¬z~egdw b xyw K :  #   ".¨ªr  {r7e,d~os{u  dvwd  £o¦n 0®
<} < r7.®2h¤®Âh~ ± oswos{dfn_r7z_t b wr3{ b r ¥ w b xTw¶ F :   $ # ® <}mxT{{¬z~e>_wosr7nBxn_mw b xn © {wr
w b d>{¬xe,d´  r7~r{opwopr_n ±Ä¥ d © n_r ¥ w b xTw¶ :   $ # ®  dvufxyqpqso¦n_t°w b d>~d­n_opwopr_n°rT¨¶ F ±#¥ d
ufxnÇw b dfn£uvr7n_uvq¦z_~d,w b xTw  $ # 1m¶ F ± ¨  r7e ¥b osu b w b duvq¦xTo¦e+¨Wrqpqsr ¥ {o¦e3egdv~oµxywdvqs}® 
ab d,uvr7n~n_dvuvwosr7n°¤dvw ¥ dvdfnIdÐ¾xTwr7e,osu,w b dvr  opdv{xn_m¨  dvddÐ¾Ã{w  z_uvw¬z  dv{os{ b ost b qsost b wdv
}w b d¨ªrqsqpr ¥ o¦n_t£uvr  rqsq¦x  }£rT¨   r_.®h¤®Âh~®
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ab dx~rT²d  dv{¬z_qswxTqs{r,dfnw¬xyopqs{w b xTwÐx¨  dvd
dÐ¾Ã{w  z_uvw¬z  d ¥ osw b xn>o¦n­n_opwd§~xT{os{-os{-¨  dvd
½RrT²d  w b xyw~xT{os{¬À-o¦nÇopw{r ¥ n d<¾Ã² x  osdvw}®
ab dj¨Wrqsqsr ¥ o¦n_tmos{§xn_rw b d ¥ dvqsqÂ¾ © n_r ¥ n  dv{z_qpw ¥b opu b op{xnmo¦e3egdv~oµxywd´uvr_n_{dvz_dfn_uvd
rT¨;w b d~d­n_oswosr7n³rT¨|¨  dvd{w  z_uvw¬z  d®
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 }¸w b os{  dv{¬z_qsw ¥ dmufxn¸os~dfnwo¿¨W}ÁxTqsqw b d³{w  z_uvw¬z  dv{w b xTwx  d¨  dvdBo¦n(x d<¾Ã² x  opdvw5}Å r ²d  x³{dvw,rT¨xmtop²dfn«ufx  ~o¦n~xTqsosw}F®°¯°d ¥ opqsq~dfn_rwdmxn}°rT¨w b dv{d{w  z_uvw¬z  dv{gxy{
Q ½ Å Àv®#¯ b d  d %os{xGd<¾xywr7e,osuw b dvr  } ±7¥ d ¥ osqsqÄxTqs{r3z_{d Q ½ ,À xT{xn£x~  dv²_o¦xTwosr7n£rT¨
Q  ½ & :% ½ ,ÀÃÀ ®
 uvr_n_{dvz_dfn_uvd£rT¨~rw b w b d3~d­n_oswosr7n«ry¨ ¨  dvd3{w  z_uvw¬z  d´xn_w b xTwry¨ d<¾Ã²Tx  osdvw5}os{
w b xyw ± e,r72z_qsr3os{r_e,r   b os{¬e ± xTqsq#w b d"¨  dvd{w  z_uvw¬z  dv{-rT¨;x§n_r_n¾Ãw  os²7o¦xTqd<¾Ã² x  opdvw5}>¨Wr  e
xn
dfe,~dv~~o¦n_tu b xTo¦n.®
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ab dBqpdfe>e3x¹x~rT²dmo¦e3_qsosdv{Bw b xTw3w b dº  r7~d  w5}0rT¨§¤dvo¦n_t«¨  dvdBos{  dv{d  ²dvÁz~n_~d 
 dv2z_uvwopr_n3rT¨#w b d"{dvw rT¨#tdfn_d  xTwr  {® ab d  r7~d  w5} ±_b r ¥ dv²d  ± op{n_rw-  dv{d  ²dv´z~n_~d - d¾
2z_uvwosr7n>rT¨.w b d{ost7n~xTwz  d® ·¼ ab d  r__qpdfe os{ w b xTw ± o¦n,tdfn_d  xyq ± w b d  dv2z_uvw<rT¨Äx{w  z_uvwz  d
e3x}mn_dvdv°x>qµx  td  {dvwrT¨ tdfn_d  xywr  {w b xn³w b dr  optoµn~xyq;{w  z_uvw¬z  d~r_dv{f® Q2r  d~xe3_qsd ±
uvr7n_{op~d  w b d{ost7n~xTw¬z  d * 
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ab d,o¦nwdvtd  { x  d,x>¨  dvd,e,r_~dvq;rT¨ ·rT²d  x´~xy{os{rT¨Ðufx  ~oµn~xyqposw5}0 ¥b dfn   xn_
 	 x  d<oµnwd    dvwdv,oµngw b d-r7²_osr7z_{ ¥ x}®Fn}{o¦n_tqsdvwr_n,{dvw|rT¨2o¦nwdvtd  {;os{ x~xT{os{|¨Wr  £®ab dn_z~e,~d  vd  r ± ¨ªr  o¦n_{wxn_uvd ± tdfn_d  xywdv{xTqsqw b d¤r{oswos²do¦nwdvtd  { ¥ osw b ½Rw b d"¨ðz~n_uvwosr7n
~dfn_rwdv }À  	 xn_¸w b dmn_dvt7xTwop²dr7n_dv{ ¥ opw b    ®  r ¥± o¿¨ d 
   	  ±  F os{
~d­n_oswdvqs}mn_rw<¨  dvd¤dvufxz_{dosw-~r7dv{n_rw<dv²dfnxT2e,oswxn_r_n¾  dv2z~n_2xnw{dvw ry¨Ätdfn_d  xTwr  {
¥b osu b.± xy{ ¥ d{¬x ¥± op{x3n_dvuvdv{{¬x  }uvr7n_~oswosr7n£¨ªr  x,{w  z_uvw¬z  dwrg¤d¨  dvd®
¯°dufxn«dfxT{osqs}«{ b r ¥± b r ¥ dv²d v± w b xyw§w b d  dv2z_uvw3rT¨x¨  dvd£{w  z_uvw¬z  dos{3osw{dvq¿¨¨  dvd¥b dfn_dv²d  w b d-{ost7n~xTw¬z  d  dv2z_uvwopr_n~r_dv{ n_rw;xTqswd  w b d-{dvwÄry¨2tdfn_d  xTwr  {To¦njrw b d F¥ r  ~{ ±
¥b dfn_dv²d  w b d  dfe3xTo¦n_o¦n_tB{}e,¤rqs{gx  d´{wosqpq-dfn_r7z_t b wrBtdfn_d  xTwd3w b d ¥b rqsd£ufx  osd  rT¨
w b dj{w  z_uvwz  d¨  r7e w b dr  osto¦n~xTq|{dvwrT¨|tdfn_d  xTwr  {f®
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dv{K F ®+Rüdvw # ½  Àj~d´xSdÐ¾xTwr7e xn_«xT{{¬z~e,d>w b xTw
K F :  #   "¨ªr  {r7e,d~os{u  dvwd  0o¦n 0® <}   r_.® h~®Âh~ ± osw´os{3dfn_r7z_t b wr°{ b r ¥ w b xTw
¶ F :   $ # ® Í qsdfx  qs} ± K :  #   "5®ÐÏ_o¦n_uvd  ³op{o¦n³w b d§~xT{op{rT¨ K ± osw¨ªrqsqsr ¥ {} < r7.®2h¤®Âh~
w b xyw¶ :   $ # ® -z_ww b dfn ± ¶ F :   $ # xy{ ¥ dvqpq|}uvr7n_{w  z_uvwosr7n£rT¨ ¶ F top²dfnw b xTw # os{x
d<¾xywr7e® 
;d  o¿¨W}_o¦n_tw b xTw;x{ost7n~xTwz  d  dv2z_uvwosr7nj~r7dv{ n_rw xTqswd  w b d-{dvw|rT¨2tdfn_d  xTwr  {|op{-z_{¬z~xTqsqs}
n_rw-{r,dfxT{}®Ä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´uvosdfnw"uvr7n_~oswosr7nufxn£~d¨ªr7z~n_£o¦n£w b ddfxy{osqp}  rT²dfn£  r7¤r{oswosr7n~d¾
qsr ¥±¥b opu b z_{dv{<w b d<¨Wrqpqsr ¥ o¦n_t  dv{w  osuvw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w£w b xTw3~rw b {dvw{3rT¨¨Ãz_{r  {,uvr7nw¬xTo¦n0w b d d<¾
os{rq¦xTwdvo¦n_~os²_op2z~xyqp{,rT¨ w b dvo  dv{¬¤dvuvwos²d,{w  z_uvwz  dv{ ± xTqsqpr ¥ {z_{wrOz_{d§xg­  {w5¾Ãr  ~d  ¨Wr  ¾
e,z_q¦x ± 5  ½  À
 5 F  ½  7À ± wr,¨Wr  uvdw b d² x  o¦x_qsdv{{ b x  dv}´w b dw ¥ r3~z  d¨ªr  e,z_q¦xT{wr>w¬x © d~os{wo¦n_uvw3²TxTq¦z_dv{,r ²d  w b d,¨Ãz_{r  {f® -z_w§n_r ¥±.¥b xTwjo¿¨ dvosw b d  # -os{{¬xywos{5­x_qsd´r_n_qp} ¥ osw b
.  /  ö#ãñ âöRï èôõ0/ãöRï è|ófõÃâóèôõÃöâ~çèôåæñ "ã  Táªâõ#åÂáFñ âö ! õÃáªöRûUâõ"èôõ





²TxTq¦z~xTwosr7n_{,w b xTwe3xB{r7e,d,{ b x  dv°² x  o¦x_qsdv{§wroµn_~os²_os2z~xTqs{´w b xywx  d3n_rw dÐ¾Ãop{rq¦xTwdv  
¯°dvqsq ±.¥ dufxnÇ{wosqsq@x~_qp}w b d§x¤r ²d  dv{¬z_qswo¿¨ w b dv{do¦n_~os²_op2z~xyqp{3x  d$d<¾Ãtdfn_d  xTwdv} d<¾
os{rq¦xTwdvmdvqsdfe,dfnw{f®;¯°d~r,w b os{}>­  {w-o¦n_{w¬xnwo¦xTwo¦n_t3dfxTu b { b x  dv² x  o¦x_qsdjoµn£~z_dv{wosr7n¥ osw b xj{¬z_osw¬x_qsd d<¾Ãwd  e r ²d  ¨  dv{ b ²Tx  o¦x_qsdv{xn_w b dfn£¨ªr  uvo¦n_t´¤rw b w b dn_d ¥ ² x  o¦x_qsdv{
xn_Bw b d,z~nwr7z_u b dvB{ b x  dvm²Tx  o¦x_qsdv{wr  xn_tdjr ²d  w b dGd<¾Ãos{rq¦xTwdvBo¦n_~os²7os2z~xTqs{ ± xT{ ¥ db x²d~r7n_d,~d¨ªr  d®
Q;o  {w b r ¥ dv²d v± qsdvwz_{o¦nw  r72z_uvd¨Wr  uvr7n_uvos{dfn_dv{{w b d¨Wrqsqsr ¥ o¦n_t  dv{w  osuvwdvBn_rwosr7n£rT¨
¨Ãz_{o¦_osqposw5}®
W£ÆL ? Aë:A¦Ë ? T,  . d É[ 	#:ARA A¦È 0   : K3· #% K,¼ *  5I S,-!;<e9:-<e!,+#% d * +# ­n_oswd
,< *@( dR . SdSR , 3 S,#7 # K3· #% K,¼ #! d<¾ª¨Ãz_{o¦_qsd 	  !    ¬h e:!+	$#,:   <e9, e#   ½ K  F À$/   ,  #% K3· #% K,¼ #! <,	 *"5 G , :!  Ç·  £¼  3
qposwwqpd>r7_{d  ²TxTwosr7nr_nmw b d§x¤r ²d~d­n_oswosr7nBos{o¦n³r  ~d b d  d®  dvufxTqsqsoµn_t³w b d~d­~¾
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{rT¨ Í r_n_#®22®ë ± n_re,r7~dvq|rT¨
¶ · {¬xywos{5¨W}_o¦n_t # os{¨Ãz_{o¦_qsd ¥ osw b x,e,r_~dvqÄry¨@¶ ¼ {¬xTwos{5¨ª}_oµn_t )(# ® ¼·
 ¾  ¾Ãuvr7e,_o¦n~x_qsdw b dvr  osdv{ {xTwos{5¨ª}w b d  r7¤d  wosdv{Ð¤dvqsr ¥¸¥b osu bg¥ d ¥ osqsqz_{dÐo¦n3Ï_dvuvw®C
wr£  r72z_uvd,x,{r7z~n_mxn_uvr7e3_qsdvwduvr_e§_o¦n~xTwopr_nme,dvw b r_#® ¢ nw b d¨ªrqsqsr ¥ oµn_t ± qsdvw¶C· ± ¶~¼ ±
d· ± d¼ ± d ± xn_ D ~dxT{"oµn Ñ d¨G®¤2®æ2®
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e:  ! #55  # ·  # ¼ 1 D F .   D F , #%      ½ # ·À     ½ # ¼À  # ·  # ¼ 	2n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34#e*,56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e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 1 ¢ªÑ ½  ? 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S# ½ #  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  À 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
	@¢ e3e,dv~o¦xTwdjuvr7n_{dv~z_dfn_uvd,rT¨ Í r7n_#®¤2®¦ ±~  r7.®2~®¦ ± xn_   r_.®7C®¦® 
¢ ¨ ¶C·xn_°¶~¼{¬xywos{5¨W} Í r7n_#®.2®Âh3xy{ ¥ dvqsq ± w b d,o¦e3_qsosufxTwosr7noµn³w b d3  r_~r{oswosr7nBx¤rT²d
¤dvuvr7e,dv{xj¨ðz_qsq|dvz_os²TxTqsdfn_uvd®
EbF Æ_ËÆ  B, O  @ ¶ · #% ¶ ¼ #!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G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@e,!$#55 # ·  # ¼ 1 D F .   D F , #%      ½ # ·À     ½ # ¼À 3
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 1 ¢  F ½  À #%  1 ¢ªÑ ½ 7?  ;½ ~À5À 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 ¬h 
½ #      À 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$	 ¶  3
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 {r7e,d  1 ¢  F ½  _À ¥ osw b   
    ½ # ·À     ½ # ¼Àv®
 > Ì#Æ ? :A L  T~:AëË ?
 
 .   ,  .       ,      ¨ªr
 {r7egd +1 ¢ðÑ ½  _À ¥ opw b   
     ½ # · À     ½ # ¼ Àv®
Q;ost7z  d´"
 Ñ d  op²TxTwosr7n  z_qsdv{

	Ä¢ w-os{ dfn_r_z_t b wr{ b r ¥ w b xTw½ªh  fÀ ® -z_w<w b xTw;os{xn,o¦e3e,dv~o¦xTwduvr_n_{dvz_dfn_uvd
rT¨ Í r7n_#®¤2®Âh ±~  r7.®_2®¦ ± xn_   r7.®~~®ë® 
¯ b dfn>uvr7e,_o¦n_o¦n_t§ry¨üw ¥ rw b dvr  opdv{<oswÐos{-n_dvuvdv{{¬x  }>wre3x © d"{¬z  dw b xyw w b dvo  uvr_e§_o¦n~x¾
wosr7n>os{ )  #	" ,<5 o¦n£w b d-­  {w-_q¦xTuvd ± w b xTw;os{ ± osw-os{ n_rw o¦n_uvr7n_{os{wdfnw§½Rr  w  os²7o¦xTq¦Àv® ab os{Ðos{
~x  wosufz_qµx  qs}mo¦e3~r  w¬xnw ¥b dfnr7n_djuvr7n_{os~d  {w b dvr  opdv{xT{ ¥ d~r´w b xyw{ b x  d,n_r7nqsrtopufxyq
{}~e,~rqs{ ± ~dvufxz_{d£osw,op{3e,z_u b dfxT{opd  ¨ªr  {¬z_u b w b dvr  osdv{,wr b x²d3uvr_n_{w  xT~osuvwo¦n_tBuvr7n_{d¾
~z_dfn_uvdv{f®  r ¥± xngoµe>_qposuvoswuvr7n_{dv~z_dfn_uvdrT¨ Ñ d¨®T2®æos{-w b xTw;o¦n£xTqsq S% e::!#- ufxT{dv{
o¦n ¥b osu b w ¥ rw b dvr  osdv{§x  dgxywqsdfxT{w,~x  wo¦xTqsqs}  ¾  ¾Ãuvr7e,_oµn~x_qpd ± w b dvo  z~n_osr7nos{o¦n_~dvdv
uvr7n_{op{wdfnwxn_´{r§osw-~r_dv{e3x © d{dfn_{dwr,uvr7e,_o¦n_dw b dfe® ¢ n>¨ÃxTuvw ± xT{{¬z~e,dw b xTw w b d  dos{
x~xTo   # ·  # ¼ 1 D F .   D F , {z_u b w b xTwdfxTu b #  op{{xTwos{5­x_qsd3o¦nB¶  ® Q  r7e Í r7n_#®C2®¦¥ d,ufxn³uvr7n_uvq¦z_~d´w b xTwx´egr7~dvq;rT¨¶C·xn_«e,r7~dvq;ry¨Ð¶~¼ufxn¤d,¨Ãz_{dvBoµnwrBx´e,r_~dvq;rT¨
¶C· m¶~¼T®  dvufxyqpqso¦n_tBw b xTw"¨ðz_{opr_n_{ b xf²dw b d,ufx  ~o¦n~xTqsosw5}BrT¨ w b dvo  uvr7e>~r7n_dfnw{w  z_uvwz  dv{ ±
¥ dufxnme3x © dxndv²dfnÇ{w  r_n_td  uvqµxyoµe 
-oÂ¨-dfxTu b # ;op{{¬xTwop{G­x_qsd§o¦n³x´n_r7n¾Ãw  os²7o¦xTq;e,r_~dvq
rT¨ ¶  w b dfnm¶ · m¶ ¼ b xT{x3n_r_n¾Ãw  os²7o¦xTq;e,r_~dvqª® ¢ n£uvr7n_uvq¦z_{osr7n ±.¥ d b xf²dw b d¨Wrqpqsr ¥ o¦n_t2®
HË.Ë  ¦2È B1, f   : ¶C· #% ¶~¼ * 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 #	!
 # ·  # ¼ 1 D F .  D F , 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# ¶=    # #   	2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¢ n«w b os{§{dvuvwosr7n ± ¥ d ¥ opqsq{ b r ¥ w b xyw ¥b dfn«x³uvd  w¬xTo¦n«w5}¤d´ry¨ {xTwos{5­x_osqsosw}   r7_qsdfe os{
~dvuvos2x_qsd>¨Wr  w ¥ r  ¾  ¾Ãuvr7e,_o¦n~x_qsd´w b dvr  osdv{ ± opwos{~r{{o¦_qpd>wr´~z_osqs»x,~dvuvos{osr7n  r7uvd¾
2z  dg¨Wr  x£uvr  dv{¬¤r7n_~o¦n_tm{¬xTwop{G­x_osqposw5}¹  r__qpdfe o¦nBw b d´z~n_osr7nBw b dvr  } ± z_{oµn_t³w b d,²d  }
~dvuvos{osr7nB  r_uvdv2z  dv{"¨Wr  w b duvr7e3¤r7n_dfnww b dvr  opdv{®
¢ nw b d¨Wrqsqsr ¥ o¦n_t ±C¥ d ¥ opqsqÄxy{{¬z~e,dw b xyw
 D os{£{r7e,d³uvq¦xT{{£rT¨¨ªr  e,z_q¦xT{3uvqsr{dv z~n_~d  os~dfnwoÂ­2ufxywosr7n(xn_ o¦n_{w¬xnwo¦xTwopr_n0rT¨
² x  oµx_qpdv{
 d·xn_ d¼x  dw ¥ r 9 <e-#*"5  {ost7n~xTwz  dv{
ò#ò ñnm  ÿ
T &("#!  	:556	  & ! 	2,-e 	e:	;,:
® ¢ n~~z_w#
  # ·  # ¼ 1 D F .  D F , 
h~®kdfn_d  xTwdw b d~xTo  #  ·  #  ¼ 8
  # ·     # ¼     
}Oxnx~_qposufxTwopr_nmry¨@w b d >@? vv ? :A¦~:AëË ?  z_qsd®
~®kdfn_d  xTwdw b d~xTo  $<· $;¼ 0
   #  ·      #  ¼    
}Oxnx~_qposufxTwopr_nmry¨@w b d > ÌFÆ ? :A6L  T~:AëË ?  z_qsd®
2®Ï~z_uvuvdvdvBo¿¨ $<·Ðos{{¬xTwos{5­x_qsdjoµn³¶C· xn_ $;¼"op{{¬xTwop{G­x_qsdo¦nm¶~¼T®
QxyopqFrw b d 5¥ os{d®
Q;ost7z  dh 
 ab d Í r7e,_o¦n~xTwosr7n !dvw b r7#®
{¬z_u b w b xTw d 
 d·Sd¼os{­n_oswd 
0¶ · os{x+d · ¾Ãw b dvr  }Oxn_m¶ ¼ x+d ¼ ¾Ãw b dvr  }®
Q;o  {w ±<¥ d~d­n_dBw ¥ r°n_r7n¾Ã~dvwd  e,o¦n_os{wosu°~d  op²TxTwosr7n  z_qsdv{ ± { b r ¥ n«o¦niQ;optC® ± rT²d 
~xTo  {£rT¨¨Wr  e,z_qµxy{f® ab dfn ±-¥ d´~d­n_d°x ½ªn_r_n¾Ã~dvwd  e,o¦n_os{wosufÀ£uvr7e,_o¦n~xTwosr7n0  r_uvdv2z  d ±
{ b r ¥ n>o¦n Q;ost2®7h ± w b xywÐz_{dv{-w b dv{d  z_qpdv{-wr,²d  oÂ¨ª}3w b d{¬xTwop{G­x_osqposw5}£oµn¶ · 3¶ ¼ rT¨Ä~xTo  {-rT¨
¨ªr  e,z_q¦xT{|oµn D F .   D F , ® kos²dfnjw b d o¦n~~z_w   r__qpdfe  # ·  # ¼  ± w b dÐe,dvw b r_­  {wÄt_z_dv{{dv{;xn
o¦n_{w¬xnwo¦xTwopr_n o¦nwr$dÐ¾Ãwd  e,{;rT¨.w b d-{ b x  dv,²Tx  o¦x_qsdv{ o¦n,w b d-o¦n~~z_w~xTo   # ·  # ¼  ® a"b dfn ±
osw,t7z_dv{{dv{,xnBos~dfnwo¿­2ufxTwosr7n rT¨w b d´n_d ¥ {dvwrT¨{ b x  dv°² x  oµx_qpdv{®Q;o¦n~xTqsqs} ± osw,u b dvu © {
w b xyw§dfxyu b e,dfe,~d  #  mrT¨w b dOn_d ¥ ~xTo  os{,{¬xTwop{G­x_qsdoµn«w b d´uvr  dv{¬~r_n_~oµn_tw b dvr  }
z~n_~d  w b d  dv{w  osuvwosr7n       ± {¬z_uvuvdvdv~o¦n_t3r7n_qs} ¥b dfn~rw b e,dfe,~d  {x  d{¬xTwop{G­x_qsd®¢ n,dv{{dfn_uvd ± w b d   r7uvdv2z  dos{Ðxn_r7n¾Ã~dvwd  e,o¦n_os{wosu²d  {osr7ngrT¨w b d  dvqs{r7n£xn_  ~~dfn
uvr7e,_o¦n~xTwosr7n³e,dvw b r_ ± ~z_woswd7wdfn_~{w b xTwe,dvw b r_o¦nmxTw-qsdfxT{w"w b~ dvd ¥ x}_{ 
½5fÀ<osw~r_dv{
n_rw  dv~z_o  dw b xTw<w b do¦n~~z_w-¨ªr  e,z_q¦xT{Ð¤dz~xnwo¿­2d  ¾ª¨  dvd Ä½ªhÀ;oswxTqsqsr ¥ {-w b d{opt_n~xTw¬z  dv{-rT¨
w b d,uvr7e>~r7n_dfnww b dvr  osdv{wr3{ b x  d§z~³wrxj­n_oswd´n_z~e,~d  rT¨ {}~e§¤rqs{f®§½ðÀoswuvr7n_{os~d  {
r7n_qs},os~dfnwoÂ­2ufxywosr7n_{-r ²d  w b d<¨  dvd-² x  oµx_qpdv{-{ b x  dv3}jw b d-w ¥ ro¦n~~z_w;¨ªr  e,z_q¦xT{ ±T¥b d  dfxy{
 dvqs{r7n°xn_  ~¤dfn æ{d+#dvuvwos²dvqs}uvr_n_{os~d  {os~dfnwo¿­2ufxTwopr_n_{rT²d  xTqsq;w b d²Tx  o¦x_qsdv{f® ab d
q¦xTwwd  oµe>  rT²dfe,dfnwos{o¦e3¤r  w¬xnwxTwqpdfxy{w¨Wr    xTuvwosufxTq|uvr7e3~z_w¬xywosr7n~xTq;uvr7n_uvd  n_{´½W{dvd
 a" <¨Wr  xÇ~os{ufz_{{osr7n~À,xn_ b xy{§xTqs{rm¤dvdfn°uvr7n_{op~d  dv0oµnºw b d3uvr7e,_o¦n~xTwosr7n«e,dvw b r_
¨ªr  w b dz~n_o¿­2ufxTwopr_n  r7_qsdfeo¦nw  r_2z_uvdvmo¦n -Ï~ ®
  r7.®.C® C£wdvqsqs{gz_{jw b xTww b os{jd7wdfn_{opr_n°os{{r7z~n_°¨ªr  uvr7e>~r7n_dfnww b dvr  osdv{w b xTwx  d
~x  wo¦xTqsqp}  ¾  ¾Ãuvr7e,_o¦n~x_qsdrT²d  w b du b r{dfngqµxn_t7z~xTtd D ® Rüdvw  # ·  # ¼  ~dxn,o¦n~~z_w~xTo 
rT¨;w b duvr7e,_o¦n~xTwosr7n³e,dvw b r_#®
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Q;ost7z  d§ 
 ab d Í r7e,_o¦n~xTwosr7n   r7uvdv2z  d®
¢ ¨Äw b d"uvr7e3~r_n_dfnw-w b dvr  opdv{x  dwrw¬xyqpqs}  ¾  ¾Ãuvr7e,_o¦n~x_qsdrT²d  D±~ab dvr  ®2®¿wdvqsqp{z_{
w b xyww b de,dvw b r_mos{xyqp{r3uvr7e3_qsdvwd ± o¦nw b d{dfn_{d{¬¤dvuvoÂ­2dv°¤dvqpr ¥ ®
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 dvufxTqsq-w b xTw¨Wr  e,z_qµxy{rT¨w b d3¨ªr  eÎ½ #     À    x  ddÐ¾  dv{w  osuvwdv«¨ªr  e,z_q¦xT{joµnw b d³{dfn_{d³rT¨ Ñ d¨G®<h~®æ2® ¢ w3¨ªrqsqsr ¥ {3w b xTw ± o¿¨g¶C·´xn_ ¶~¼x  d  ¾  ¾Ãuvr7e,_o¦n~x_qsd¹xn_¸w b d
{¬xywos{5­x_osqsopw5}Áo¦n%¶=O½  9 ¬hÀ>rT¨bdÐ¾  dv{w  osuvwdv ¨Wr  e§z_q¦xT{os{³~dvuvop2x_qpd ± oswmos{¤r{{o¦_qsd
wrBz_{d3w b d>uvr7e,_oµn~xywosr7n¹egdvw b r7«x~rT²d3wrr7_w¬xTo¦n°xÇ{dfe,o¿¾Ã~dvuvos{osr7n0  r_uvdv2z  d3¨ªr  w b d
{¬xywos{5­x_osqsopw5}³oµn³¶C·¶~¼rT¨#¨ªr  e,z_q¦xT{o¦n D F .   D F , ®
!r  d´  dvuvos{dvqs} ± xT{{¬z~e,d£w b xTw¨Wr 
   h ± 0V# Ðos{´x³~r_rqsdfxn0  r_uvdv2z  d£w b xTw~d¾
uvos~dv{Bw b d°{¬xywos{5­x_osqsopw5}Áo¦n%¶=j¨Wr  w b dB¨Wr  e,z_qµxy{rT¨ 4, ½ DF 4 ;dÀ ®
qs{r(xT{{¬z~e,dw b xTw . xn_  %@ x  dmw ¥ r ½ªn_r7n¾Ã~dvwd  e,o¦n_op{wosufÀm  r_uvdv2z  dv{w b xTw£o¦e3_qsdfe,dfnw ± dv{¬~dvuvwoÂ¾
²dvqs} ± w b d£oµn_{w¬xnwo¦xTwosr7n0xn_«w b dos~dfnwoÂ­2ufxywosr7n  z_qsdv{3ry¨ Q;ost2®-® a"b dfn ±Ð dvufxyqpqso¦n_t«w b xTw
n_r7n¾Ã~dvwd  e,o¦n_os{wosu   r_uvdv2z  dv{x  d{xTosÁwr0{¬z_uvuvdvdvÁo¿¨3r7n_dBrT¨,w b dvo  ~r{{o¦_qsd  z~n_{os{
{¬z_uvuvdv{{5¨ðz_q ± osw3os{3o¦e3e,dv~o¦xTwdw b xTw,w b d  r7uvdv2z  dm~d­n_dv o¦n Q;ost2®; b xT{3w b d>¨ªrqsqpr ¥ o¦n_t
  r_~d  w5}®
MjfËVg|Ë@A¦:AëË ? ^-,2T  81!:9 ;%<e! &()+* ,<9 9 ; %\ #I	1<e  # ·  # ¼ W1 DF .   DF ,
	 H  # ·  # ¼  	#-	34#*"5 	 ¶ · ¶ ¼ 3
ab d  dfxT{r7n &()+* os{r7n_qs}x ,:)G	 ¾Ã~dvuvop{opr_n°  r_uvdv2z  d ± dv²dfnÇ¨Wr  wrw¬xTqsqs}  ¾  uvr_ej¾
_o¦n~x_qsd,w b dvr  osdv{ ± op{"w b xTwo¦n£tdfn_d  xyq#oswe3x}3~os²d  td ¼¼ r7n´z~n_{xTwos{5­x_qsd,o¦n~~z_w{f® ¢ n£¨ÃxTuvw ±
¥b dfn_dv²d  duvr7nw¬xTo¦n_{3xÇ¨ðz~n_uvwopr_n«{}e,¤rq rT¨n_r7n¾ vd  r°x  osw5}°xn_¹w b d´{dvw,rT¨² x  o¦x_qsdv{
{ b x  dvm}£w b dw ¥ rj¨Wr  e§z_q¦xT{"oµn£w b doµn~~z_wos{n_r_n_dfe3_w5} ± w b d  dos{xn£o¦n­n_oswd3n_z~e§¤d  rT¨
¤r{{o¦_qsdo¦n_{w¬xnwo¦xTwosr7n_{jr ²d  w b xTw{dvw|o¿¨w b d3o¦n~~z_w3~xTo  os{§z~n_{xTwos{5­x_qsd£oµnw b d´z~n_osr7n
w b dvr  } ±b r ¥ dv²d v± n_r7n_djrT¨;w b dv{do¦n_{wxnwoµxywosr7n_{ ¥ opqsq;e3x © d¤rw b ufxTqsqp{wr 01# · xn_ 01# ¼
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ñTáRå"fèôõªåæñ 3ãàæà
åæñTáªöªã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{¬z_uvuvdvdv#® ¼    rwopuvd>w b xTw &()+* ufxnB~d3dfxT{opqs}°e,r_~o¿­2dv¹{rw b xTwosw ¥ osqpq-n_rw~os²d  td>r7n
o¦n~~z_w~xyo  {uvr7nwxTo¦n_oµn_t xn  ¾~z  dm¨ªr  e,z_q¦xw b xTw£op{mxyq  dfxT~} z~n_{¬xywos{5­x_qsd°o¦n(¶= ± xn_b dfn_uvdjoµn¶C·£¶~¼f® a"b dn_r7n¾Ãwd  e,o¦n~xTwosr7n³  r7_qsdfex  os{dv{"r7n_qs}3¨ªr  @<e	 uvr7e,_o¦n~xTwosr7n
~z_dv{wosr7n_{ ± w b xTw os{ ± oµn~~z_w~xTo  {-w b xTwx  dz~n_{xTwos{5­x_qsdo¦n£w b dz~n_osr7n£w b dvr  }3dv²dfn>oÂ¨;dfxTu b
rT¨;w b dvo  ~z  d¨ªr  e,z_q¦xT{-os{{¬xywos{5­x_qsdo¦nw b duvr  dv{¬¤r7n_~o¦n_tuvr7e3¤r7n_dfnw"w b dvr  }®
¯°dOx  d´ufz  dfnwqp}«o¦n²dv{wost7xTwo¦n_t°w b d´ufxT{dv{3o¦n ¥b osu b &()b* ufxn¹¤dw¬z  n_dv0o¦nwr°x
~dvuvos{osr7n%  r_uvdv2z  d® QCr  n_r ¥j± oswos{oµnwd  dv{wo¦n_t wr0n_rwosuvdBw b xTw ± xTqsw b r7z_t b &()b* os{
r7n_qs}0x{dfegoÂ¾Ã~dvuvos{osr7n(  r_uvdv2z  d ± osw,~r_dv{§}_osdvqs0{w  r7n_t³~dvuvos2x_osqpoëw}  dv{¬z_qsw{,oµn«ufxy{d3rT¨
x_osr7e3xTwofx_qpduvr7e3~r_n_dfnww b dvr  osdv{f® ¢ n ¨ÃxTuvw ± xT{m¤ro¦nwdv r_z_w ±+&()b* ~os²d  tdv{r7n_qs}
r7nºw b d,oµn~~z_w{§w b xTwx  d  {xTwos{5­x_qsd£oµnºw b d´z~n_osr7nBw b dvr  }® ab os{§e,dfxn_{w b xTw ±.¥b dfn
&()b* os{Ox~_qposufx_qsd ± w b d³{dvw3rT¨~xTo  {3{¬xywos{5­x_qsdBoµn w b dmz~n_osr7n¸w b dvr  }«os{  dvufz  {os²dvqs}
dfn_z~e,d  x_qsd®  r ¥j± opw£os{mxn0o¦e3egdv~oµxywdBuvr7n_{dv~z_dfn_uvd°rT¨w b d³uvr7e3_qsdvwdfn_dv{{rT¨$Q;o  {w5¾
 ~d   dv~opufxywd Í xyqpufz_q¦z_{w b xTww b d{dvwrT¨|¨Wr  e,z_qµxy{ < {¬xTwos{5­x_qpdjo¦nmxnx_osr7e3xTwofx_qpd
w b dvr  }os{  dvufz  {os²dvqs},dfn7z~egd  x_qsd® ¢ wF¨ªrqsqpr ¥ {|w b xTw|o¿¨ &()b* os{ x~_qsosufx_qsdwrw ¥ rw b dvr  osdv{
¶ · xn_3¶ ¼ {z_u b w b xTw;¶ · ¶ ¼ os{Ðx 7osr7e3xywo)fx_qsd ± w b dfnjw b d-{dvw;rT¨~xyo  {;{¬xTwos{5­x_qsdo¦n3¶ · ¶ ¼
os{  dvufz  {os²d®
 _{d  ²_oµn_t>w b xTw xj{¬z"´uvosdfnwÐuvr_n_~opwopr_n>¨Wr  ¶C·,¶~¼<wr§¤dx_opr_e3xTwo)fx_qsdop{-w b xywÐ~rw b
¶C· xn_3¶~¼ x  dx7osr7e>xTwo)fx_qsd ±¥ d-w b dfnjr7_w¬xTo¦n,xTw|r7n_uvd-w b d-¨ªrqsqsr ¥ oµn_t~dvuvos2x_osqso¦w5}  dv{z_qpw®
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Ï_rm¨Ãx v± ¥ d b x²dmz_{dv x  xTw b d  qso¦e,oswdv(q¦xn_t7z~xTtd ± D F .   D F , ± wrBd  dv{{´e,o)7dv
uvr7n_{w  xTo¦nw{ 
 ¥ d b x²duvr_n_{os~d  dv¹r_n_qp}³w b d3e,o)7dvuvr7n_{w  xyoµnw{w b xywx  dd~  dv{{o¦_qsdOxy{
w b duvr_nGz~n_uvwosr7n£ry¨Äw ¥ r,~z  duvr7n_{w  xTo¦nw{ ¥b opu b.± o¦nxT~~oswosr7n ± ~r3n_rw-{ b x  dn_r7n¾ÃqsrtosufxTq
{}~e,~rqs{f® ab d  dos{3n_rB~r7z~_w,w b xTwjr7z  uvr7e,_o¦n~xTwosr7n  dv{¬z_qsw{ ¥ r_z_qp0~dme,z_u b n_osuvd  o¿¨
w b dv}uvr_z_qp°¤dtos²dfnÇoµn³wd  e,{rT¨ D F .  F , o¦n_{wdfxT#® a"b op{os{o¦nÇ¨ÃxTuvw~r{{o¦_qsd ± ~z_wxTw"w b d
uvr{wrT¨;{r7e,duvqsr{¬z  d§xT{{z~e3_wosr7n_{r7n D ® ¼ ¯°d~dv{u  oµ¤d,{¬z_u b xT{{¬z~e>_wosr7n_{~dvqsr ¥ xn_
uvr7n_uvq¦z_~djw b d{dvuvwosr7n}3{ b r ¥ o¦n_t ± xT{xn£d~xe3_qsd ±2b r ¥ w b dv}´qsdvwz_{-o¦e3  rT²d < r7.®C¤®æ2®¢ nw b dn_d_w{dvuvwosr7n ±~¥ d ¥ osqsq@z_{dw b dfewr,tdvwe,r  d{¬¤dvuvo¿­2u§uvr_e§_o¦n~xTwopr_n  dv{¬z_qsw{®
W£ÆL ? Aë:A¦Ë ? ^,2^ 2 	 , :'5I G	 #-<e! " * · #% * ¼  I ,#7G# #+9:56#\ <D  ,! )G<56#\	 uvqpr{dv¹z~n_~d  ~z  oÂ­2ufxywosr7n ¥ w  *· *¼  	 n!  , @!;7 # 1 D 	 . 	 ,  @!S	2G#$3n	-,:   #  ·  #  ¼        D 	 .   D 	 , <e9, #
 #  ·  #  ¼ 1 D 	 . 	 , ,!#55  ; #%
 #_	#-	234#*"56$	 H      ½ #  ·  #  ¼ À 	2,#-	3n#*,56+3
S+9;#55      ½ #  ·  #  ¼ À # ~op{ðGz~n_uvwos²d3~z  d¨ªr  e+rT¨ # ½ ¥ w  * · * ¼   3
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Q;ost7z  d(
 ab d  d ¥Í r7e,_o¦n~xTwosr7n < r_uvdv2z  d®
¯°d ¥ osqsq{¬x}°w b xTw D os{ 7H  9:-	 , :567 uvqsr{dv(z~n_~d  ~z  o¿­2ufxTwosr7n ¥ w  *· *¼ ,o¿¨ ± ¨ªr 
dfxTu b ¨Wr  e§z_q¦x # 1 D 	 . 	 , ± xÇ~op{ðGz~n_uvwos²dB~z  d>¨Wr  e rT¨ # op{>d+üdvuvwop²dvqp}«uvr7e3~z_wx_qsd®ab d>uvqµxy{{rT¨Ð~z~xnwo¿­2d  ¾ª¨  dvdj¨Wr  e§z_q¦xT{os{xn³d~xe3_qsd3rT¨-{¬z_u b x£uvq¦xT{{f®{x£e3xTwwd  rT¨
¨ÃxTuvw ±NG&H os{-d+#dvuvwos²dvqs}´uvqsr{dvmz~n_~d  ~z  o¿­2ufxTwosr7n ¥ osw b£ dv{¬¤dvuvwwr§xn}´~xyo   *· *"¼ ;rT¨
{ost7n~xyw¬z  dv{f®
¢ nÇ¨ðxyuvw ± qsdvw # 1 G&H 	 ® ab d  djos{x ¥ dvqpq © n_r ¥ nmxTqstr  opw b ew b xywufxn£­  {wuvr_n²d  w #
o¦nwr°xqsrtosufxTqsqs}¹dv~z_os² xTqsdfnw,¨ªr  e,z_q¦x       #  o¦n°~os{ªz~n_uvwos²dmn_r  e3xTq|¨ªr  e® ab dfn ±|¥ d
ufxn£x~_qs}´xn_rw b d |¥ dvqpq¿¾ © n_r ¥ nxTqstr  osw b e ½R{dvd  o¦n~ ±a"  xe,r7n_tjrw b d  {¬À|wrdfxTu b
~os{ªz~n_uvw #  w b xyw ± }¹egdfxn_{,rT¨² x  o¦x_qsdmx_{w  xyuvwosr7n ±   r72z_uvdv{£x~xyo   #  ·  #  ¼ j{¬z_u b
w b xyw #  ·  #  ¼ 1 G&H 	 .   G&H 	 , xn_  # ½ #  ·  #  ¼ Àxn_  # # x  d,qsrtosufxTqsqs}°dv~z_op²TxTqsdfnw® ¢ w
os{dfxT{}3wr{dvdw b dfn>w b xTw-  #  ·  #  ¼       {¬xTwos{5­2dv{xTqsq.w b d  dv~z_o  dfe,dfnw{Ðo¦n£w b d~d­n_oswosr7n
x¤rT²d®
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dÐ¾Ãtdfn_d  xTwdvm}£opw{
d<¾Ãos{r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t7z~xytdfÀv®³qswd  n~xywos²dvqs} ±-¥ d£ufxn«xTq ¥ xf}_{w  }°wr³²d  o¿¨W}«~o  dvuvwqs}«w b xTw,w b dz~n_opr_n«w b dvr  }
{¬xywos{5­2dv{ Í r_n_#®22®¿h ±2¥b opu b e3x}m¤d´xn³dfxT{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w{xn_  dfxTqs{dxe3_qsd ¥b d  d§¶C·op{xn³x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 rttd v± xn_-2®æ,®  r7_o¦n_{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n_#®7njo¦nw  r72z_uvw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d  dvq¦xTwosr7n_{r ²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 "!ºy r~xn _x#+Äx  xn_ !Bosu b xTdvq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osr7n~xTq~w b dvr  osdv{¥ osw b { b x  dvBuvr7n_{w¬xnw{xn_Bosw{x~_qsosufxTwosr7nwr  o¦e3xTq xTqstdf  xy{f® ¢ n 84!:9 ;"
%	
$e    -:! #-	#5&(,,:!@9      e	9 8n! !#)G)G	#%  <
-)G#- % n;# 	"7± ²rqµz~egdhyrT¨   ;9@-<!  
-,	  ! -	 349:	#5  -@556	 :9;±
~xTtdv{h~ hPh~®7Ï~  oµn_td  ¾;d  q¦xTt ± fh~®
  o¦n~x# Íb~ os{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615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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